The potential availability of renewable energy sources is unquestionable and the government is setting steep targets for renewable energy usage. Renewable-based DGs, reduce dependence on fossil fuels, mitigate global climate change, ensure energy security, and reduce emissions of CO 2 and other greenhouse gases. This study addresses microgrid system analysis with hybrid energy sources and reconfiguration simultaneously for efficient operation of the system. Microgrid zones are formulated categorically with the existing distribution system. In this study, wind, solar and small hydro-based DGs are considered. Uncertainties of renewable power generation and load are also taken care in the optimization problem. A multiobjective optimisation method proposed in this paper for optimal integration of renewable-based DGs and reconfiguration of the network to minimise power loss and maximise annual cost savings. Optimal location and sizes of DG units are determined using gravitational search algorithm and general algebraic modelling system respectively. Optimal reconfiguration of the microgrid system is obtained using genetic algorithm. Simulation results are obtained for the IEEE 33-bus system and compared with existing methods as available in the literature. Furthermore, this study has been carried out with a 24-hr time-varying distribution system. The simulation results show the efficiency and accuracy of the proposed technique.
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Introduction
It is a well-known fact that present electricity supply systems are unsustainable -environmentally, economically and socially. There is a need for rapid transformation from a conventional energy system to a low-carbon, efficient and environmentally benign
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This is an open access article published by the IET under the Creative Commons Attribution-NonCommercial-NoDerivs License (http://creativecommons.org/licenses/by-nc-nd/3.0/) 1 system of energy supply. Energy demand rapidly growing all over the world and renewable energy is allowing that demand to be met at the best price possible. Countries all over the world recognise the need for adoption of renewable energy into their country's energy supply system to reduce dependence on fossil fuels, mitigate global climate change, ensure energy security, and reduce emissions of CO 2 and other greenhouse gases. Furthermore, the government is playing an active role in promoting the adoption of renewable energy resources by offering various incentives, such as generation-based incentives, capital and interest subsidies, viability gap funding, concessional finance, fiscal incentives etc. Microgrid systems with hybrid energy sources shall be carefully designed with an optimal mix of various energy sources for the efficient operation of the system and to overcome the drawback of the intermittent nature of renewable energy sources. The penetration of distribution generation (DG) units in electric distribution networks has been considered as an efficient way to exploit sustainable energy, promoted by distributed energy resources. In most cases, appropriate consideration of DG installation can highly benefit the electrical power networks in terms of loss reduction, voltage regulation, and reliability improvement [1, 2] . Non-optimal integration of DGs installed at non-optimal locations with non-optimal rating leads to excessive losses and feeder overloading [3, 4] . The potential availability of renewable energy sources is unquestionable and is effectively utilised in providing a reliable power supply to islanded regions. A distribution local grid comprising renewable energy generators to satisfy load demand and support the main grid is termed as microgrid [5] , they can possibly operate as an independent grid under favourable conditions. Quasi-oppositional teaching learningbased optimisation (QOTLBO) methodology used in [6] to determine the location and capacity of DG to minimise power loss and voltage deviation. Stud krill herd algorithm (SKHA) was used in [7] to determine optimal location and size of DGs to minimise power loss and voltage deviation. DG placement and sizing problem solved using particle swarm optimisation (PSO) [8] . Dixit et al. [9] studied the impact of simultaneous placement of DG and shunt capacitor in distribution systems for minimising power loss. The rating of DG and capacitors was determined using the Gbestguided artificial bee colony (GABC) optimisation algorithm. Flower pollination algorithm was adopted in [10] to determine DG capacity. Optimal placement and sizing of DG for loss minimisation in distribution systems were presented in [11] , using War optimisation. Subramanyam et al. [12] used a neural network and artificial bee colony (ABC) algorithm for fuel cell placement and sizing. A hybrid Nelder-Mead and cuckoo search algorithm was proposed in [13] to minimise the power loss in microgrid systems with renewable-based DGs integration. Renewable-based DGs integration in the distribution system presented in [14] used the ant lion optimisation algorithm for loss minimisation. A hybrid optimisation of weight improved PSO (WIPSO)-gravitational search algorithm (GSA) used in [15] to find optimal location, size of DG and capacitors to minimise power loss. In [16] , the probabilistic nature of the power output of wind DG modelled and investigated its impact in terms of loss reduction and voltage improvement in distribution systems. Dragonfly algorithm was used in [17] to determine the optimal capacity of DG units. Genetic algorithm (GA) used to determine the size and location of DGs to minimise real power loss and voltage deviation [18] . A comprehensive teaching learning-based optimisation (CTLBO) technique was proposed in [19] for DG integration in radial distribution systems. The optimal size of solar-and wind-based DGs was determined for seasonal time varying distribution using the search algorithm to minimise power loss and improve voltage profile [20] . Grey wolf optimisation was applied in [21] to solve the DG placement problem to minimise power loss and voltage deviation. Probabilistic load flow of distribution systems was presented in [22] considering distributed generation. The Monte Carlo simulation (MCS) and the point estimate methods were used to carry out probabilistic load flow analysis. A comparison between the Weibull and Gumbel probability distribution functions (PDFs) was presented in [23] to predict wind speed and wind power output. In [24] , the distribution system was studied considering various uncertainties in the presence of distribution generation. MCS used to carry out probabilistic load flow. Integration of photovoltaic (PV)-based DG in the unbalanced distribution system was presented using reinforcement learning [25] . Authors have considered the uncertainty of PV power output and seasonal load variation in the simulation study. In [26] , U2PEM was used to model uncertainty of wind speed, solar irradiation, and electrical load demand. Weibull, beta, and normal PDFs were applied to model the uncertainties of wind speed, solar radiation, and electric load, respectively. Probabilistic load flow analysis was addressed in [27] considering wind power generation. The optimal mix of wind-based DG, solar DG, and biomass DGs was presented in [28] to minimise the annual energy losses in the distribution system. The problem was solved using mixed integer non-linear programming (NLP) and generation uncertainty is also taken into account. Integration of distributed energy sources and shunt capacitors in microgrid was presented in [29] considering load and generation uncertainties. Authors have addressed technoeconomic aspects with the integration of DG sources in microgrids. Optimal energy management of wind, solar and diesel generator was presented in microgrids to optimise the operation, pollution and reliability cost [30] . The point of estimation method was used to model uncertainty of wind speed and solar irradiation and robust optimisation was used to model the load demand uncertainty. The operational problem was solved using PSO. Yang et al. [31] presented an optimal dispatch strategy of electric vehicles in microgrids in the presence of wind power source to minimise operational cost. The problem was solved using a self-adaptively imperialist competitive algorithm. Optimal scheduling of active power of wind and solar DGs in microgrid and distribution network was presented in [32] using model predictive control. A day-ahead operational planning of urban microgrid with PV generation to minimisation of CO 2 emissions and fuel consumption presented in [33] . Authors have solved the unit commitment problem using dynamic programming. Reactive power management in clustered microgrids was presented to maintain the desired power factor using dynamic programming at a point of common coupling considering a time varying load model [34] .
Network reconfiguration reduces the power losses, released feeder capacity, and improves the voltage profile, stability margin, and reliability. Various optimisation techniques (GAs [35, 36] , modified honey bee mating optimisation [37] , binary group search [38] , shuffled frog leaping algorithm [39] , Non-Dominated Sorting Genetic Algorithm-II (NSGA-II) [40] , artificial immune systems [41, 42] ) adopted to find the optimal reconfiguration of the distribution network to reduce power losses and improve the voltage profile. Network reconfiguration in microgrids has been addressed in [43] [44] [45] . The reconfiguration of microgrids presented in [44] using a GA. The impact of network reconfiguration and network structure, i.e. radial/mesh on small signal stability of microgrid was presented. Impact of optimal network reconfiguration on system performance in terms of improvement in voltage profile, reduction in power losses and stability margin enhancement were studied in [45] .
In [46] , harmony search algorithm (HSA) was used to find the optimal capacity of DG as well as network reconfiguration simultaneously. Kanwar et al. [47] presented an application of the teaching learning-based optimisation (TLBO) method to study DG allocation as well as network reconfiguration. Optimal reconfiguration along with DG integration in the distribution system was presented in [48] using an evolutionary algorithm to minimise power loss and annual operational cost. Optimal placement of wind turbines and reconfiguration in the distribution system addressed in [49] using ABC. The objective function modelled as minimisation of power loss, voltage deviation index, switch cost and reliability cost. A comprehensive review of renewable DG allocation is studied in [50] . Distribution system analysis with PV uncertainty has been presented in [51] . Power flow analysis in a hybrid microgrid with island mode of operation was presented in [52] .
Based on the literature survey, it is noted that most of the researchers focused on DG integration only and ignored the impact of network reconfiguration [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] . A few research studies have discussed distribution system analysis with DG and reconfiguration simultaneously [46] [47] [48] [49] . Furthermore, many authors have used sensitivity methods [9, 10, 13, 14, 17, 28, 46] to find the location to install DG units. However, the solution obtained with the sensitivity approaches is neither consistent nor competitive. The objective of this study is to address the above research gaps and to analyse microgrid systems with the integration of renewable energy sources along with optimal reconfiguration. A hybrid optimisation, combination of GSA and general algebraic modelling system (GAMS) is proposed in this study to solve a multi-objective optimisation problem. Hourly variation of solar power, wind power, hydro power, and the load is considered in the simulation study. The major objectives of the proposed research work are as follows:
• Distribution system is modelled as a microgrid system • Renewable-based solar, wind and small hydro-based DG considered.
• Uncertainty of renewable generation and electrical load demand are considered in the optimisation problem.
• Determining the optimal location and size of DGs in each microgrid zone.
• Hybrid optimisation technique is proposed to solve the multiobjective optimisation problem.
• Optimal reconfiguration of the network obtained using GA.
• Study carried out with a time-varying load model.
The proposed methodology is tested on the IEEE 33-bus test system. The simulation results obtained using the proposed method are compared with various optimisation techniques QOTLBO [6] , SKHA [7] , PSO [8] , GABC [9] , WIPSO-GSA [15] , GA-TOPSISAQ4 [18] , CTLBO [19] , HSA [46] , TLBO [47] and evolutionary [48] .
The rest of this paper is organised as follows. In Section 2, the proposed methodology is explained. In Section 3, modelling of load uncertainty described. Uncertainty modelling of renewablebased DGs is discussed in Section 4, Simulation results and discussions are presented in Section 5. Finally, the conclusion of the study is given in Section 6.
Problem description
The main concern of the paper is optimal integration of renewable energy sources and network reconfiguration in microgrids to optimise energy loss, reduce voltage drop and maximise annual cost savings. A hybrid optimisation was proposed to solve the multi-objective optimisation problem. The proposed methodology is developed using the interface of MATLAB© R2014a and GAMS IDE 23.4 version as shown in Fig. 1 .
In order to reduce the search space, this problem is solved in two phases. In the first phase, algorithms to determine optimal reconfiguration and potential location for DG are implemented in a MATLAB environment. Optimal network reconfiguration is obtained using GA and candidate buses for DG installation are determined using GSA. Simulation results obtained in MATLAB are transferred to the GAMS module simultaneously. In the second phase, an optimal rating of DGs is determined using NLP CONOPT solver of GAMS. The flow chart of the proposed scheme is shown in Fig. 2. 
Optimal location of DG using GSA
Optimal location and rating of DGs are the key variables to be determined for minimisation of total power loss, voltage deviation, and maximisation of annual cost savings. In the first phase, the GSA [15] is applied to find a potential location for the installation of DGs to maximise annual cost savings subjected to satisfying various technical constraints. A flowchart to implement GSA is shown in Fig. 3 .
Optimal rating of DG using GAMS
Optimal ratings of DGs are determined using NLP CONOPT solver of GAMS at the candidate buses already determined using GSA. Optimal rating of DG is determined to minimise total cost as described in (1) subjected to constraints as given below 
The following constraints are taken into account while determining the optimal rating of the DG in the microgrid.
(i) Power balance equations: The real and reactive power balance equations are represented in (2)- (5). 
where ∀ i = 1, 2, …, nd and i j = 1, 2, …, n br .
Inequality constraints:
(ii) Limits of bus voltage: This includes minimum and maximum value limits of bus voltage at node i 
(iv) DG rating limit: Power injected into the system by DG shall be within the minimum and maximum specified limits as given in (8)- 
Optimal reconfiguration using GA
The feeder reconfiguration of the microgrid is the process of opening sectionalising (normally closed) and closing tie (normally open) switches of the network. This switching is performed in such a way that the radial structure of the network is maintained, all the loads are energised subjected to satisfying technical constraints. In the optimal reconfiguration problem, feeders are bifurcated/rerouted thereby to reduce power losses. Microgrids with a renewable distributed generation and adequate battery energy storage system ensure a sustainable energy solution. To maintain reliable power supply to the consumers and prevent interruptions, reconfiguration of the network is important to restore the service. Reconfiguration of the network enhances reliability and operational efficiency. Reconfiguration of the network optimises operational performance such as reduction in the cost of energy loss (CEL), release feeder capacity, improve stability margin, and reliability while maintaining the radial network topology. Released feeder capacity, stability margin enhancement, reliability and energy loss reduction directly influence the network planning. For a given instance and set of conditions, there is an optimal configuration that meets the power demand in the most effective, efficient, and flexible way. In this study, optimal reconfiguration was obtained using GA [35, 36] . The objective function is described in (16) subjected to constraints given in (6) and (13)
Load uncertainty modelling
The stochastic behaviour of the load demand is modelled using normal distribution function [22, 24] . The PDF of the normal distribution is defined mathematically as follows:
where f x, μ, σ is the probability density function, x is the random variable. The probabilistic nature of load at each bus of the microgrid is incorporated into the load flow analysis. The load demands at each bus are assumed to be random variables with Gaussian or Normal distribution [22, 24] 
Fig . 4 shows the profile of real and reactive power demand samples at the 25th bus. The mean value of load demand is shown in Fig. 5 . The voltage profile is depicted in Fig. 6 for the 33-bus test system with deterministic and probabilistic load flow analysis. Real power loss observed 210.98 and 211.33 kW with deterministic and probabilistic load flow analysis, respectively. 
Uncertainty modelling of renewable energy sources
In this study, wind, solar, and small hydro-based DGs are integrated into the microgrid test system.
PV-based DG
Real-power output from PV-based DG is determined as specified below. Hourly solar irradiation spectrum and power output of the PV module are shown in Figs. 7 and 8. In this study, ET-Solar makes Si-Mono PV modules considered as given in Table 1 P PVDG = N*FF*V y *I y ,
Solar uncertainty modelling
The Beta PDF is used to model the randomness of solar irradiance [51] . Solar irradiance parameters considered as: mean value, 0.2067; standard deviation, 0.2833; α, 0.4357; β, 1.6718. In the simulation study given in Table 2 f b s = s
Wind-based DG
Power output from wind turbines can be expressed mathematically as where C p is the power coefficient of the turbine (0.59), A is the area swept by the rotor blades of the turbine (in sq. m), and ρ is the air density (1.226 kg/m 3 ) The uncertainty of generated power from the wind turbine is due to random variation of wind speed and air density. In this study, the wind turbine hub height of 70 m, the rotor diameter of 54 m and swept area of 2290 mm 2 were considered. A typical power output of the wind turbine with the above specified parameters is shown in Fig. 9 P wDG = P r 0, v ≤ v ci ,
(29)
Wind uncertainty modelling
The random behaviour of the wind speed can be defined by the Weibull distribution function. The velocity of wind is described mathematically as [23] . The parameters of the Weibull distribution, namely the shape and scale parameters are determined using historical wind speed data available. Fig. 10 shows the histogram of wind speed samples. Wind turbine power output is shown in Fig. 11 
The probability of occurrence of every wind speed level is calculated using the following equation:
Hydro-based DG
Hydro power plants are categorised as micro (up to 100 kW), mini (101-2000 kW), small (2001-25,000 kW) medium (2500-100,000 kW) and large (above 100,000 kW). Power output from the hydro generator is determined using (10) . Pelton-type turbines are used in small scale hydro power plants. In this work, the parameters in the formula, i.e. overall efficiency is taken as 0.89, discharge value is in the range of 0.2-2 m 3 /s and head values in the range of 50-1300 m. Real power output from the Pelton hydro turbine is shown in Fig. 12
Results and discussions
This section presents simulation results obtained with the proposed method for DG integration along with reconfiguration on the 12.66 kV 33-bus [53] IEEE test system with five tie lines as shown in Fig. 13 . The distribution system is modelled as microgrid with three zones as depicted in Fig. 5 and each zone is supported by DG.
The simulation result shows the effectiveness of the proposed method for voltage management and loss minimisation in microgrids with DG integration and reconfiguration. In this work, a simulation study has been carried out with time varying and time invariant load models considering the uncertainty of load and renewable generation. Fig. 14 shows the load and net load profile for the 33-bus test system. Permissible voltage variation is considered as ±5% in the simulation study. Parameters to determine the cost of DG and CEL are taken from [53, 54] . The following scenarios are studied in this paper to address the impact of DG integration and network reconfiguration on system performance.
• The issues discussed in this study highlight the importance of integration of distributed generation and reconfiguration simultaneously in microgrids. The proposed tool is implemented in MATLAB and GAMS software interface and simulations are performed on a personal computer having a core i5 processor, 1.7 GHz, and 4 GB RAM.
Base case
Peak load consumption on the test system is 3715 + j2300. Optimal power flow has been carried out in GAMS and found that bus 18th is the worst among all other buses regarding voltage deviation. The voltage at the 18th bus is 0.9038 p.u., which is not in line with the permissible limit of ±5%. Furthermore, the total real power loss of the network is 210.98 kW, which is quite above the tolerable limit. It is observed that 5.67% of total power is wasted in the form of real power loss in the system. Voltage regulation in the system is 9.6%. The annual CEL is $110,891. A microgrid operator needs to take corrective measures to maintain the voltage at all buses within allowable limits and optimise the CEL.
DG integration
As described in Section 4, wind, solar and small hydro-based DGs are considered in this study. These DGs are suitably installed at optimal locations with optimal ratings. The potential locations for installation of DG units in each zone are determined using GSA and found that 24th bus (Zone-1), 30th bus (Zone-2) and 13th bus (Zone-3). In this work, DG placements are categorically studied with single DG (6th bus), two DGs (13th bus, 30th bus) and three DGs (13th bus, 24th bus, 30th bus). In a single DG scenario, DG rated 2589.52 kW is installed at the sixth bus. In the two DGs scheme, DG ratings of 851.05 and 1157.57 kW are installed at the 13th bus and 30th bus, respectively. In the three DGs scenario, DG rating of 801.22, 1091.31, 1053.59 kW are installed at the 13th bus, 24th bus, and 30th bus, respectively. With the integration of DG, part of real power is locally injected into the system. Consequently, DG integration causes a dip in net power taken from the substation or main grid. Thereby the voltage profile improved in the system and line losses reduced. Total power losses reduced to 72.49, 86.87 and 110.69 kW with 3-DG, 2-DG, and single DG integration into the system. It results into annual savings in CEL of $72,786, $65,228, $52,708 with 3-DGs, 2-DGs and 1-DG placement, respectively. Furthermore, the voltage profile significantly enhanced with multiple DGs placement. Fig. 15 shows the voltage profile with and without the installation of DGs. The worst voltage observed was 0.9686, 0.9684 and 0.9433 p.u with 3-DG, 2-DG and 1-DG scenario. The voltage at all buses is maintained within the allowable voltage variation of ±5% with the integration of 2-DGs and 3-DGs. Results clearly indicate the importance of multiple DGs installation at appropriate locations with an optimal rating to minimise total power losses and improve voltage profile. Simulation results obtained for DG placement with the proposed hybrid approach are compared with popular techniques available in the literature as given in Tables 2 and 3 . It is interesting to note that the optimal rating and locations of DG obtained with various techniques are not the same. With this proposed approach, power losses and associated CEL are significantly lower than other techniques as given in Tables 2 and 3 . The power loss obtained using the proposed method is reduced by 65.64% with three DGs case. The superiority of the proposed method is highlighted in Tables 2 and 3 . The results obtained with the proposed method prove that the efficiency of the proposed hybrid optimisation algorithm is better than other optimisation algorithms reported in the literature. It can be concluded that the proposed hybrid optimisation methodology provides a better optimum solution among other approaches. A microgrid system with hybrid energy sources can operate both in centralised and decentralised mode of operation, essentially providing energy independent of regional grids.
Reconfiguration only
The test system has five tie lines 33, 34, 35, 36 and 37 as shown in Fig. 13 and the tie lines are normally open in the initial scenario. The optimal switching status is obtained to improve voltage profile and minimise total power loss using GA. After reconfiguration, open lines are 7, 9, 14, 32 and 37. With the reconfiguration, total power loss is reduced to 139.55 from 210.98 kW and voltage at the worst bus improved to 0.9378 from 0.9038 p.u. However, still, the voltage at the 18th bus is violating permissible voltage variation of ±5%.
DG and reconfiguration
DGs installation along with reconfiguration would be one of the appropriate planning solutions for energy efficient operation of the microgrids. The optimal rating of DGs also reduced further in the reconfigured network while maximising the annual cost savings. Fig. 14 shows the voltage profile with DG and reconfiguration. A summary of results obtained with DG along with reconfiguration using the proposed method is given in Table 4 . Total power loss is 56.25 kW, annual savings in the CEL is $43,782 and the minimum voltage is 0.9722 p.u with 3-DGs and reconfiguration. Total real power loss reduced by 59.69%. In [46] , DGs installed at 32nd, 31st and 33rd buses using power loss sensitivity factors and DG sizes were determined using HSA [46] . Total real power loss is much higher around 63.95 kW and annual savings in the CEL is $39,735 [46] . It can be observed from the simulation results that the performance of HSA [46] is on the lower side than the proposed method. Similarly, in [47] , DGs installed at 14th, 24th and 30th buses using the TLBO approach. Real power loss is reduced to 57.48 kW [47] using TLBO method, which is slightly higher than the total real power loss obtained with the proposed method. However, the TLBO approach suffers from over sizing of DGs. From the simulation results, it can be noticed that in TLBO over sizes the DG by 10% than the proposed hybrid optimisation. Using the evolutionary algorithm [48] , DGs were installed at 18th, 29th, and 8th buses. In [48] , DG rating is under sized and total real power loss is higher than the proposed methodology. This is due to the installation of DGs at non-optimal locations with non-optimal sizes [46] [47] [48] . Furthermore, the switching pattern obtained for network reconfiguration is non-optimal in [48] . The proposed methodology is efficient for obtaining the optimal location, the capacity of DG as well as reconfiguration in the microgrid system.
Results for 33 bus system with time varying load
Time is the most important factor in determining consumer behaviour. Daily load curve for the 33-bus system is shown in Fig. 15 . A daily load curve reflects the diurnal nature of human activities. Its shapes/width/magnitude may vary from state to state and depends upon the customer types, atmospheric temperature and seasons. Hourly power generation of wind, solar, and hydro units is depicted in Fig. 16 . Peak demand met on the system is 3715 kW at the 18th hour and an off-peak load is 2377.6 kW at the 5th hour of the load curve.
Peak demand met on the system is 3715 kW at the 18th hour and the off-peak load is 2377.6 kW at the 5th hour of the load curve. Voltage profile over the 24-h load cycle without any compensation is shown in Fig. 17 . In the base case system, peak power loss is 210.60 kW at the 18th hour and minimum loss is 81.47 kW at the 5th hour. It is understood from simulation results that power losses and CEL follow the load curve pattern. Optimal location and the rating of DG units is determined at each hour of the load curve using the proposed hybrid optimisation to minimise total cost. Fig. 18 shows the voltage profile of the system with 3-DGs and reconfiguration. Daily solar energy is relatively consistent Figs. 19 and 20 . Furthermore, the CEL in each case is illustrated in Fig. 21 . Finally, it is observed that savings in the CEL are minimum $1199 at the 5th hour and a maximum $3154 at the 18th hour with 3-DGs + reconfiguration. There is a potential amount of cost savings obtained with DGs and reconfiguration in the system. Effective utilisation of these sources provided a significant amount of cost savings to microgrid operator.
Conclusions
This study provides a framework for integrating renewable-based DGs and reconfiguration to minimise total power losses, reduce the CEL and improve voltage profile. The uncertainty of renewable generation and electric load has been taken into consideration in the simulation study. The test system is modelled as microgrid with three zones. In this study, hybrid optimisation, which is a combination of GSA and GAMS optimisation, was proposed to solve the multi-objective problem. Based on the simulation results, it is observed that the proposed method gives better optimum solution than other techniques in terms of annual cost savings, loss minimisation, and voltage regulation. Moreover, this study has been carried out with a realistic time varying load model also. Based on the simulations carried out on various case studies, the following conclusions are drawn:
• This study provides a decision tool to a microgrid operator for optimal integration of renewable-based DGs and reconfiguration for efficient operation of the microgrid system. The microgrid operator can estimate optimal size, the location of DG and reconfiguration pattern to keep voltage within acceptable limits, minimise power losses and maximise annual cost savings. 
